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Abstract 
EU ETS industries operate in an environment of considerable uncertainty, complicated by the 
looming changes that will be required to comply with greenhouse gas reduction directives.  Any 
plan to address these changes must incorporate a thorough analysis of the options and of the 
associated risks.  
Several risk and options analysis techniques are outlined and, while not widely established, can 
provide added confidence when preparing a strategy and may enable better management of the 
risks.  An example Quantitative Risk Analysis (QDA) is provided which demonstrates its 
strength in collapsing a multi-dimensional risk analysis into an easy-to-interpret 2-dimension 
graph showing the likelihood of the economic viability, by utilisation of statistics and inter-
dependencies.  
These techniques, such as QRA, have helped several refining and power companies to enhance 
their strategic planning process and to make investment decisions that are adequately hedged 
against the project risks. 
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1. Introduction 
The Power, Process and Heavy Industries, partaking in the EU Emissions Trading Scheme, are 
already under pressure to make significant cuts in greenhouse gas emissions.  Phase 3 of the EU 
Emissions Trading Scheme is imposing new and more stringent rules and regulations on these 
industries. Industries will then be subject to auctioning of CO2 credits, and possibly 
benchmarking, and are facing pressures for further reductions in Greenhouse Gas emissions. 
However, achieving significant levels of CO2 reduction comes at a price, in terms of capital 
investment. This paper deals with choosing the optimal abatement option, including risk 
identification and mitigation. 
2. Masterplan and Risk Management 
A “masterplan” for Greenhouse Gas reduction, which can be utilised in the Power Industry, 
Process Industries and Heavy Industries, is likely to include potential projects that save both 
energy and CO2, process changes with associated CO2 savings, heat and power cogeneration, and 
possibly even projects purely to capture and store CO2. The challenge is to value and rate them 
in such a fashion that appropriate management decisions can be made. 
A masterplan needs to address the usual uncertainties surrounding projects, such as cost, 
benefits, new technology issues, reliability and schedule, as well as further difficulties when the 
objective itself is uncertain. In the context of investment in greenhouse gas emissions reduction, 
the aim is to achieve a robust long term investment plan that: 
• At least maintains but ideally enhances profitability 
• Maximizes the impact on the sustainability credentials of the company 
• Complies with corporate goals 
• Complies with future legislation 
• Is adaptable to changing operational constraints, e.g. feed supply 
• Keeps the company in business, despite how the future plays out 
Making good capital investment decisions is becoming more difficult.  In many business 
environments the level of uncertainty is increasing.  At the same time, making good capital 
investment decisions is becoming increasingly important.  So investment decisions must be even 
more clearly seen to be taken with due consideration for risk. 
Some of the areas of uncertainty are typically: 
• Project risks, schedule, capital cost escalation etc. 
• Cost factors, energy price, CO2 pricing  
• Future legislation (particularly mandatory reductions) 
• Competitor action, as this can set trends ahead of legislation 
• Market trends, in terms energy pricing, feedstock and product pricing 
• Novel technology development, for example will a better carbon capture technology 
emerge after we have committed to a particular solution? 
• Risks of committing too soon versus risk of leaving it too late 
What is required is a critical evaluation of the viability of asset investment options before any 
significant capital allocations are made.  The aim is to understand and manage all reasonable 
potential risks.  This requires a cross-disciplinary skill set with powerful quantitative evaluation 
and risk analysis methods. 
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3. GHG prospects and investment decisions 
The initial approach to CO2 emissions reduction is usually to focus on energy saving projects, 
and rightly so, as energy cost reduction is a major incentive in its own right.  A range of projects 
can usually be identified, from no/low cost initiatives to major investments: 
• Good housekeeping and operational improvements 
• “Low hanging fruit”, small modification projects 
• Major process revamps, utility projects 
• Cogeneration / major infrastructure 
Beyond this, deeper cuts in CO2 emissions will require the use of carbon capture and storage 
(CCS) technology, use of renewable feedstocks or CO2 conversion options.  A variety of 
technologies are available, with more being developed.  This paper does not focus on the actual 
means of achieving the reductions but on how to decide which projects to implement to achieve 
the desired result. 
Projects can be evaluated in terms of net present value (NPV) or internal rate of return (IRR) 
over a specific period of time, so that alternatives, such as conflicting projects or combinations of 
projects required to meet a specific target, can be compared and developed into an investment 
“Roadmap”.  This approach may be satisfactory if the same level of risk applies to each option, 
but if one option is more risky than another, how do we evaluate this and choose the “right” 
project? 
Sensitivity analysis is often used to consider the impact of variability in some of the input 
parameters to an evaluation.  There are, however, some problems with sensitivity analysis as 
normally practised: 
• Traditional sensitivity analysis often gives ambiguous results 
- What does “best case” or “worst case” mean? 
- What are the relative chances that these extremes may be realized? 
- In reality, more than one variable is changing at the same time 
• Many underlying variables are likely to be interrelated 
- Many key variables usually change together, in a correlated way, and this correlation 
can be fairly well established by history 
- Traditional sensitivity analysis does not mimic real life scenarios and thus can (and 
does) lead to inferior decisions 
- “Best” and “worst” case analyses are often not so 
- Many key parameters are, in reality, not symmetrical in terms of probability of 
potential positive and negative variations in values 
• It tends to look at a limited number of plausible combinations of variables  
As an alternative approach, Strategic Planning Risk Analysis can help to (1) identify 
uncertainty and its attendant risks, (2) characterize the extent of risk and (3) provide guidance 
with respect to managing risk. 
Some of the tools used in risk analysis are outlined below.  While these are well established 
techniques, in our experience they are not widely employed in investment planning and when 
they are used they are not always applied consistently and in a rigorous manner. 
• Qualitative Risk Assessment can be used to prioritise key risks, in order to provide clarity 
and focus to further analysis.  This allows a seemingly complex situation to be simplified 
so that it can be analyzed with reasonable effort.  Once conclusions have been drawn they 
can be tested for sensitivity to the other lower priority risks. 
• Decision Trees are used to consider combinations of projects which are inter-related, 
complementary or mutually exclusive.  Each node represents a decision or event at which 
paths diverge, defined by a probability factor. With large numbers of options these can 
become complex but they do serve to provide visualization of alternative paths. 
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• Scenario Analysis is critical to successful strategic-planning, due to the extremely high 
degree of uncertainty when looking 5 to 15 or more years into the future.  No single 
forecast or set of expectations regarding the ultimate combination of possible regulatory 
and business environments has a high chance of being correct.  The solution is scenario 
thinking and planning.  Scenarios can be built into decision trees, either as events with 
probabilities assigned to alternative outcomes, or as complete parallel branch structures 
based on alternative scenarios. 
• Quantitative Risk Analysis takes things a step further by assigning probability distributions 
to uncertain variables and using Monte Carlo modelling to calculate the probability 
distribution of the outcome of the project or combination of projects under consideration.  
Projects are usually evaluated and compared on the basis of NPV/IRR, where the input 
variables are the parameters used to calculate the cash flow profile of the project over a 
certain number of years and the outcome is the project’s NPV/IRR.  The Monte Carlo 
model does this by running a very large number of cases with randomly selected points on 
the probability distribution of each input variable.  This provides both a visualization and a 
quantification of the probability of a certain outcome of a project, and indicates whether 
the range of possible outcomes is broad or narrow and whether it is symmetrical or skewed 
towards the up-side or down-side of the mean outcome.  
The main strength of Quantitative Risk Analysis (QRA) is that it’s able to collapse a multi-
dimensional risk analysis into an easy-to-interpret 2-dimensional graph. When investigating the 
influence of five variable parameters on the economic model, this is equivalent in finding the 
optimum of a 6-dimentional mathematical problem. QRA’s utilisation of statistics and inter-
dependencies brings this back to a 2-dimensional plot showing the likelihood of the economic 
viability. 
4. Quantitative Risk Analysis case study 
A QRA case study is presented evaluating Carbon Capture and Storage on a (stand-alone) 
boiler versus cogeneration.  
Although this is an arbitrary case study, which has been simplified, the main aim is to 
demonstrate the QRA technique to evaluate alternatives in a masterplan for appropriate 
management discussions. Many of the below assumptions (economic model, economic life, 
tax/fiscal regime, sensitivity parameters, distribution, dependencies, etc.) can be challenged and 
may be adapted/varied. The QRA technique is still able to collapse a multi-dimensional risk 
analysis into an easy-to-interpret 2-dimensional graph.  
For argument’s sake, we will consider the business case for a Utility Business Unit needing to 
service a process plant requiring some 300 t/h steam and 50 MWe. Two alternatives were 
investigated (1) install a (stand-alone) steam boiler with independent supply of electricity or (2) 
install a cogeneration unit which supplies both the steam and electricity. Both alternatives will be 
evaluated including carbon capture. The evaluation is based on an IRR economic model, before 
tax, assuming 15 years economic life. 
Within the various industries, option 1, separate generation of heat and power, is prevailing, 
mostly due to the level of investment, because a boiler with Carbon Capture is estimated a € 126 
million and a cogeneration unit is estimated at € 244 million. However, upon face value, 
including Carbon Capture, within the IRR model, option 2, cogeneration, comes out on top with 
an IRR of 8.3% against 0.9% for option 1. 
So how do the options compare given the uncertainty in utility pricing?  
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This QRA case study will investigate the impact of fluctuating energy pricing, in terms of 
natural gas price, electricity price and CO2 price on the bottom-line profitability; 
• Natural gas price currently around 6.2 €/GJ, but estimated to have a 90% probability 
between 4.5 and 9.0 €/GJ. The distribution was assumed to be triangular. 
• Electricity price currently around 50 €/MWh, but estimated to have a 90% probability 
between 45 and 65 €/MWh. The distribution was assumed to be triangular. 
• CO2 price currently around 15 €/tCO2, but estimated to have a 90% probability between 10 
and 35 €/tCO2. Because the forecasts predict rising pricing, a Raleigh distribution was 
taken, indicative of a higher likelihood of rising CO2 prices. 
An important step in the development of the model is the identification of links or 
dependencies amongst variables and building these relationships into the model so that 
unrealistic combinations of data points for variables are not selected, for example an oil price at 
the top end of the probability range with a gas price at the low end, which are unlikely to occur 
together. Examples of the types of dependencies are provided in Figure 1.  
No correlation at all 0.3 correlation 0.7 correlation Full correlation (1.0) 
Figure 1 - dependencies between two parameters (x-axis versus y-axis) 
Relevant dependencies in this case study are: 
• Especially in The Netherlands, the electricity prices are governed by Natural Gas power 
plants, supplying the flex-power in the market. Still, history shows that this is not always a 
tight relationship. Hence, a reasonably high dependency was chosen of 0.7. 
• The CO2 price developments are mainly set by economic developments, crude pricing and 
electricity pricing. Because of this and analysis showing a relatively small impact of the 
electricity price on CO2 pricing, a low dependency was chosen of 0.3. 
• Combining the two above argumentations, the dependency between Natural Gas and CO2
price is very low, set at 0.1. 
QRA subsequently applies a Monte Carlo simulation to the economic model based on the 
above utility pricing distribution and dependencies, resulting in an IRR distribution detailing the 
likelihood of a certain IRR given the above considerations. 
Option 1, separate generation of heat and power, initial economic modelling showed an IRR 
of 0.9%, now shows a 90% probability if an IRR between -13.5% and +1.7%, with an average 
IRR of -5.8% (figure 2).  
Option 2, cogeneration, initial economic modelling showed an IRR of 8.3%, now shows a 
90% probability if an IRR between +1.5% and +8.3%, with an average IRR of +4.8% (figure 3). 
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        Figure 2 – IRR distribution boiler only     Figure 3 – IRR distribution cogeneration 
Both alternatives show a drop in economic performance when comparing the initial evaluation 
to the average performance after the QRA. This is mainly due to the expected rise in utility 
pricing. 
When analyzing the sensitivities further, it becomes apparent that in option 1, installing only a 
boiler, opens up the business case to the electricity market developments, whereas option 2, 
cogeneration, hedges that risk.  
Both options plotted together (figure 4) depicts the choice better. As can be seen, the 
cogeneration option shows a narrower distribution with a higher likelihood. 
Figure 4 – IRR distribution of both boiler and cogeneration options plotted together 
Figure 5 shows a comparison between a traditional sensitivity analysis and the case study 
(above). The traditional sensitivity analysis assumed two scenarios where all utility prices go low 
simultaneously (minimum case) and go high simultaneously (maximum case). This table shows 
that when assuming all high or all low values results in unrealistically high or low IRRs, even 
possibly unfeasible economics. QRA provides more realistic IRRs, indicating likelihood as 
depicted in figures 2 and 3. 
traditional sensitivity QRA IRR 
Min. Norm. Max. Min. Norm. Max 
Boiler option 11.5% -7.1% unfeasible 1.7% -5.8% -13.5% 
Cogeneration Option 9.0% 3.7% -7.4% 8.3% 4.8% 1.5% 
Figure 5 – IRR comparison between traditional sensitivity analysis and QRA 
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5. In conclusion 
Although this QRA case study assumes a certain industrial environment, the main aim of this 
case study is not to draw conclusions from this case study, but to demonstrate the technique to 
evaluate alternatives in a masterplan for appropriate management discussions. This technique 
allows for collapsing all various sensitivities, resulting in a multi dimensional optimisation, to be 
brought back into 2-dimensional analysis, quickly detailing the probability against the bottom-
line economic performance. 
For instance, the above case study only investigates the impact of utility prices, and their 
anticipated variation, on the bottom-line of the two alternatives. Any economic parameter may 
be studied, such as accuracy of the investment estimate, associated financing cost, taxation, 
operation & maintenance, economical/technical life, etc. This can be applied to any economical 
model from a simple pay-back time to a complex NPV model including equity, financing costs 
and taxation. 
Regardless of the economic model used and risk management applied, EU ETS industries 
operate in an environment of considerable uncertainty, complicated by the looming changes that 
will be required to comply with greenhouse gas reduction directives.  Any plan to address these 
changes must incorporate a thorough analysis of the options and of the associated risks.  Risk 
and options analysis techniques can provide added confidence while preparing a strategy and 
may enable better management of the risks.  We have helped several refining and power 
companies to apply these techniques to enhance their strategic planning process and to make 
investment decisions that are adequately hedged against the project risks. 
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